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(3R,4S,5S,7R,11R,12R,E)-12-Ethyl-3,5,7,11-tetramethyl-2,8-dioxooxacyclododec-9-en-4-yl 2-(dimethylamino)acetate (8a): 110 mg of 10-deoxymethynolide (0.35 mmol, 1.0 equiv) were dissolved in 5.0 mL of dichloromethane along with 74 mg N,N-dimethylglycine (0.53 mmol, 1.5 equiv), 84 µL of freshly distilled triethylamine (0.60 mmol, 1.7 equiv), 110 mg of N,N'-dicyclohexylcarbodiimide (DCC) (0.53 mmol, 1.5 equiv) and 66 mg 4-(dimethylamino)pyridine (DMAP) (0.51 mmol, 1.5 equiv). The reaction mixture was allowed to stir at room temperature for 6 d, and then, the reaction mixture was filtered through cotton and evaporated to dryness in vacuo. The crude residue was transferred to a separatory funnel by washing the flask with 0.1 M HCl and 30% EtOAc in hexanes. The acidified aqueous phase was extracted thrice with 30% EtOAc in hexanes. The organic layers were combined, dried over anhydrous sodium sulfate, filtered, and evaporated to dryness in vacuo. The crude residue was chromatographed over silica gel (30% EtOAc in hexanes) to recover the unreacted 10-deoxymethynolide. Then the aqueous layer was basified with saturated aqueous NaHCO 3 solution until it reached a pH of 8-9, measured by pH paper.
The basified aqueous layer was extracted with EtOAc (3x). The EtOAc organic layers were combined, dried over anhydrous sodium sulfate, filtered, and evaporated to dryness in vacuo.
The crude residue was chromatographed over silica gel (gradient from 30% EtOAc in hexanes to 100% EtOAc) to afford 54 mg (40% yield) of the 10-dml ester derivative 8a. (3R,4S,5S,7R,11R,12R,E)-12-Ethyl-3,5,7,11-tetramethyl-2,8-dioxooxacyclododec-9-en-4-yl 3-(dimethylamino)propanoate (8b): 29 mg of 10-deoxymethynolide (0.098 mmol, 1.0 equiv) were dissolved in 2.0 mL of dichloromethane along with 23 mg 3-N,N-dimethylaminopropanoic acid hydrochloride (0.15 mmol, 1.5 equiv), 23 µL of freshly distilled triethylamine (0.17 mmol, 1.7 equiv), 31 mg of DCC (0.15 mmol, 1.5 equiv) and 18 mg DMAP (0.15 mmol, 1.5 equiv). The reaction mixture was allowed to stir at room temperature for 6 d, and then the reaction mixture was filtered through cotton and evaporated to dryness in vacuo. The crude residue was transferred to a separatory funnel by washing the flask with 0.1 M HCl and 30% EtOAc in hexanes. The acidified aqueous phase was extracted thrice with 30% EtOAc in hexanes. The organic layers were combined, dried over anhydrous sodium sulfate, filtered, and evaporated to dryness in vacuo. The crude residue was S4 chromatographed over silica gel (30% EtOAc in hexanes) to recover the unreacted 10-deoxymethynolide. Then the aqueous layer was basified with saturated aqueous NaHCO 3 solution until it reached a pH of 8-9, measured by pH paper. The basified aqueous layer was extracted with ethyl acetate (3x). The ethyl acetate organic layers were combined, dried over anhydrous sodium sulfate, filtered, and evaporated to dryness in vacuo. The crude residue was chromatographed over silica gel (gradient from 30% EtOAc in hexanes to 20% MeCN, 10% MeOH in EtOAc) to yield 13 mg (34% yield) of the 10-dml ester derivative 8b. 1 (3R,4S,5S,7R,11R,12R,E)-12-ethyl-3,5,7,11-tetramethyl-2,8-dioxooxacyclododec-9-en-4-yl 2-((dimethylamino)methyl)benzoate (14): 2-((dimethylamino)methyl)benzoic acid (30 mg, 0.16 mmol) was dissolved in 0.50 mL of dichloromethane. To this mixture was added one drop of N,Ndimethylformamide followed by oxalyl chloride (17 µL, 0.18 mmol). The reaction was allowed to stir at rt for 1.5 h before the solvent was evaporated and the crude acid chloride resuspended in 1.0 mL of dichloromethane. The acyl chloride suspension was added dropwise to an ice cooled solution of 10-deoxymethynolide (54 mg, 0.18 mmol), DMAP (0.082 mmol, 10 mg) and triethylamine (120 µL, 0.82 mmol) in 1.2 mL of dichloromethane. The reaction mixture was allowed to stir as it was warmed to rt. After 12 h, the reaction was quenched by the addition of saturated sodium bicarbonate solution. The aqueous phase was washed with EtOAc (3x), dried over sodium sulfate, filtered and concentrated. The crude residue was chromatographed over silica gel (gradient from 5% EtOAc in hexanes to 100% EtOAc) to yield 37 mg (49%) of the desired ester 14 as a colorless oil. were combined in dichloromethane. The reaction mixture was allowed to stir at room temperature for 6 d, and then, the reaction mixture was filtered through cotton and evaporated to dryness in vacuo. The crude residue was transferred to a separatory funnel by washing the flask with 0.1 M HCl and 30% EtOAc in hexanes. The acidified aqueous phase was extracted thrice with 30% EtOAc in hexanes. The organic layers were combined, dried over anhydrous sodium sulfate, filtered, and evaporated to dryness in vacuo to yield 37 mg (60%) of the desired ester 16a after chromatography over silica gel (gradient from 30% EtOAc in hexanes to 100% EtOAc). , 1H), 1.77 -1.68 (m, 1H), 1.66 -1.57 (m, 3H), 1.42 -1.34 (m, 1H), 1.31 -1.22 (m, 4H), 1.19  (d, J = 7.0 Hz, 3H), 1.14 (d, J = 7.0 Hz, 3H), 0.95 -0.91 (m, 6H) ; 13 C NMR (125 MHz, CDCl 3 ) δ 204.5, 173.8, 166.1, 147.4, 139.5, 133.8, 130.3, 129.8, 128.4, 128.3, 125.4, 79.1, 74.0, 63.8, 45.3, 45.1 PikC D50N -RhFRED preparative-scale enzymatic reactions: Preparative -scale enzymatic reactions were conducted on 20 mg of each substrate under the following conditions: 5 µM PikC D50N -RhFRED, 1 mM substrate, 1 mM NADP+, 1 U/mL glucose-6-phosphate dehydrogenase, and 5 mM glucose-6-phosphate for NADPH generation in reaction buffer (50 mM NaH 2 PO 4 , pH 7.3, 1 mM EDTA, 0.2 mM dithoerythritol, and 10% glycerol). The reaction mixture was divided into 50 mL conical tubes in 7 mL aliquots. Each conical tube was loosely capped and transferred to a shaking incubator. The reaction was carried out at 30 °C for 12 h at 160 rpm. After 12 h, a 50 µL aliquot was removed and processed in an identical manner to the analytical-scale reactions described above to access the outcome of the reaction via LCMS. The remaining reaction mixture was diluted with acetone (2 x total reaction volume) and cooled to 4 °C for two hours. The mixture was then filtered through celite and concentrated under reduced pressure until the acetone had been removed. The remaining solution was adjusted to pH 9, brined and extracted with EtOAc (3 x 200 mL). The organic layers were combined, dried over Na 2 SO 4 and concentrated to afford a crude yellow oil. The crude oil was purified through silica flash column chromatography (column conditions from the starting material purification) to afford the mixture of hydroxylated products.
Preparation of PikC D50NH238A -RhFRED: Using previously prepared pET28b-PikC D50N -RhFRED as a template, site-directed mutagenesis was performed with the primer: 5'-gaggagctgctcggtatggccgcgatcctgctcgtcgcggggcac-3'. Protein expression and purification of PikC D50NH238A -RhFRED followed the procedure developed previously. Rapid analysis of the enzymatic reactions was enabled by the correlation of hydrolysis products of the 10-dml amino esters to known natural products methynolide (19) and neomethynolide (18, Fig. S1 ). Preparative-scale enzymatic reactions were carried out for each of the 10-dml analogs. The product mixtures from each reaction were subjected to hydrolysis conditions to remove anchoring groups. The hydroxylated products were compared to the authentic standards of methynolide (19) and neomethynolide (18). These macrolactones were employed in this study as authentic standards to determine sites of hydroxylation, and have been previously described as products of Streptomyces venezuelae ATCC 15439, through chemical degradation of methymycin and neomethymycin, and by total synthesis. General Hydrolysis Procedure: The PikC D50N -RhFRED product mixture was dissolved in a 4:1 mixture of MeOH:CHCl 3 (0.015 M) and 2.5 equiv of potassium carbonate were added. The reaction mixture was allowed to stir at rt for 72 h or until all starting material had been consumed. Additional portions of potassium carbonate were added to accelerate reaction progress as necessary. The reaction mixture was concentrated under reduced pressure, quenched by addition of saturated ammonium chloride and extracted thrice with portions of EtOAc. The combined organic layers were dried over Na 2 SO 4 , and filtered through a plug of silica gel and concentrated under reduced pressure. The products were analyzed by 1 H NMR and matched data reported in the literature for methynolide and neomethynolide. [6] [7] For substrates 8a, 8b, 10 and 14, the ratio of the two components depended on the length of the ester anchoring group in the substrate. Hydrolysis of substrates 16a and 16b afforded almost exclusively methynolide.
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The 1 H NMR spectra stacked plot (Fig. S1) showed signals corresponding to alkene protons (C-8/C-9), while the characteristic doublet of doublets from C-9 disappeared following PikC catalyzed oxidation at the C-10 tertiary allylic position observed in the methynolide analog. In the neomethynolide analog, the C-9 signal remained as a doublet of doublets. The C-8 signal corresponded to the C-H adjacent to the C-7 carbonyl group and was split into a doublet in both methynolide and neomethynolide. This strategy was effective for the analysis of products from compounds 8a-10 and 14-16; however, hydrolysis of the proline anchoring groups from 12a and 12b proved challenging and the product mixtures were characterized with the anchoring groups in place. 
